2020 F 4 A
Apr. 2020

FEWEHEK 224
Journal of Irrigation and Drainage

5394 % 4M
No4  Vol.39

NEYRS: 1672 - 3317 (2020) 04 -0074 - 10

SRSk Enmaiis i E AT

KW B2 AR, W2, xR
(LFBREAFE REOEBRFCHIAEHE T RKRLEE ERRE, 7d #% 453002;
2L KEF AAIMRITARRF L P, TH 44/ 212013)

=
# (CU) #3948 74 (DU) &9% ¥R,

(B8] LIRS, HRASHIE, BET XNfeiedt R B HR TR AL HRASTEYIANRAR
(771 R AR AR FAT foi kAo S ol Rk Ao K B0 H 49 5)

Ay AR, SRR TKIFRET KAMERE: FLTHAXGRERE TR RS E SR FM4T A%
B, KESHWHrh, BT KERMERESIEEANDEXEAN; BT ERKEEST B = AN BT E

THyEmAREN» M. [LR] HKELEMERKSHA,

iAlh £ (STD) % 0.23. 3 £ 100 kPa THEE 7, %4 7%

100~300 kPa & 77 44T, KE%IEE F 4 5 mm/h ML,

KA 11, 1.3 megR (AR E 5 AT B ik 8.9, 10.5

mm/he B TAEE A T 6975 Ko i 69 DU A= CU 44k £ 5 %1% 15.5%. 9.3%, H DU /&7 69 TiLAast £ 5

R

[426])] AEIRREIAAPEFTHELSRENAELDNT8m, ZAHMALSRLZMGRIELHELS M

ML, SLHETEN D ARS, EATEREEACAR, AARK.

X B A HRXk: R #3300,

AL R KR

hENHES: S277.9 XEFRERS: A doi: 10.13522/j.cnki.ggps.2019047
A, kAR, BT, F. SIRABESOKESHHTHERRIE[]. ERHKFR, 2020, 39(4): 74-83.

ZHU Xingye, SHI Yongjie, HU Guang, et al. Dynamic Simulation and Test of Water Distribution of Fluidic
Sprinkler.[J]. Journal of Irrigation and Drainage, 2020, 39(4): 74-83.

—_

03 5

Lt 5 2 S ) Ve 35 ) i 1l R VR o e R Sk
IR 11 B B BB AR, A2 WERE R g AR v ) EE
SR, SZERAER], 7R A T AR BT 50
FERHEYD B3 745 v s PRSP, SR O R 5
FEWR I 20, B WA 225 TE e K B AR 3 5]
PR R TH 55 DL R M Sk 2 4 1 e adk 55 7 T AT T OR 2
Fio [HFRHERY At h 7 —Fit5Ea &
PR R G S IR TT . B S T
SKAEIAEE . Al AT TR A (A R0 35 &) R BRI
mEE . B 4 3L Visual Basic 6.0 FF & H AN
REE 26 A T F it Sk B 22 15 Sk 2H 55 W R /K B 40 AR PR
PV o 1Sl ST T SIS B S K B A A
P e 40 Rl 3 s PR S /K B AR B T SRR . DA
23 X S HE K B A RN I S DAY, K%
B 3 A A e H I R AR 1) KR HEAT 9 B Ak

ks HEA: 2019-05-07

EEWMB: AR ESATRITRITE BRKI) (BE2018313) 5 TR
AR E fE = IS4 TH  (FIRI2016-21)

TEBEN: K20k (1982-) , B, WH5CH, WAL, EEMNHERAE
WU S HERENLWT 7T . E-mail: zhuxy@ujs.edu.cn

WBIEEE: kA (1995-) , B WA, FENFKIERT T
J7lAl. E-mail: syj66482695@163.com

74

B, 3 ENZWELAK I TERE . WK B A7 AR LR
A S0 0 B A AT B0 Ak B R rh R b 2 R B e
e U Sk th 1 e e AN SV S SO R A 5 1) B
IREATIIA B . KT BELSGEANIT R ITTH, &
PO SRR T I P9 SO e e 2SR R 0 3k 4
SHRCGHIG SIVEZ IR )5 R o AR S PR S
BRI T AN S5 R R B, X ARk
(AR RIS S EHEAT T 43 B o Y I S
ELREE AWK Rl TAESHdtAT 1 OUem 7T, fms
RIS AT K APEREIRAS . TUIAR]T BLESG
TSk G5 R A T2 BRI AR O, ARG
T, AL RIS i T IEAIA L &
UMK AIVERE T BRI S L0tk 1 S B 17 e ]
S g Sk 8 A5 5 7K SE BT e A AR T SR
(FIPRPEE, ARSI OL T 2 i BUXE DL A5 5 K R i AL
B, WP T T, it TR rs
WAk AT B

ARSO FCSR AR T REAT AR, RS
BBOKDT I S — Mo R am sk, IR
7K B AT T ST VE R AZ 58 Sk BEAT BT S A 22 15 Sk
AWK BB H, I IZBELEA R T
VI A 222 e L N (KK kg«


mailto:zhuxy@ujs.edu.cn

APl 25 BRSO E D A B S0 H AR R

1 MR5EREE

1.1 R FE

WSk IS R4 R B /KR . IR E . T
N REERIE. RS, BRI, RKE .
WSk AR = A S K. RIRE AN 44 m =N
BT SIS % N IEAT, RIGFENLE 1 FoR, Wik
BEEES NN 1.1, 1.3 M1 15 m, ET/EE 25
100. 150. 200~ 250 A1 300 kPa )4 5 i3k 17 4= [ w
WESkIER R 1A, TAEER S 0.4 RIS E T
R, WHEKERANEN02 m. N 06 mH
Y A B, R SRR DAME Sk T i A7 B 9 O FR S
B E 1 %2k, WRREREN05 m, 7EB:LiE
2% 10 min J5FLRIREE, WEKAF AN 1h, RRAR
FEE 3R W2 AWkt 2 gnal, B3 AWE
A E R WL E R, SR KB874 £L4M%)
B G T O LA ME AR AR B i (] 4D
FIT 71 P25 T B S 7 10 4% 528 77 1) P B ok
RS AW R AL, BRI 1. 2 il
ERSTESIE TN T, HHFE 05 m, BEEAKKE L, 4
WSk ERE R AT B, BRI 1. 2 Bl
STBLHE 5, SR A/D Be 4 8 e 3 A5 5 o
B R RN P AR BE, 2 RE IR 2/
I ABL A S (R B IS S T

B 1 AR Xof kAL
Fig.1 Prototype of fluidic sprinkler
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Note 1.Sprayer; 2.Fixed support; 3.Pressure governor; 4.Reflux valve;
5.Pump; 6.Impounding reservoir; 7.Percolator; 8.Flow control valve;
9.Piezometer; 10.Electromagnetic flowmeter; 11.Water duct
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Fig.2 Schematic diagram of sprinkler test system
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Fig.3 Schematic diagram of rain gauge arrangement
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Fig.4 Rotation speed measuring device
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1.Water inlet; 2.Fixed collar; 3.Water storage ring; 4.Regulating ring;
5.The main components of body; 6.Compensating hole; 7.Nozzle;
8.Prosopore; 9.Air chamber tube assy; 10.Signal mouth
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Fig.5 Jet type nozzle jet element
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(@) E4PIRFERZE (a) Diagram of collineation state

(b) ELAPIRASLAIE (b) Direct state picture

b
dfn
>

ftt

NNRNVANNNNN f

fESK

1t

N
]

(c) FHEERRZRZEE () Attached wall state diagram

(d) BHEERASCIE (d) Attached wall status diagram
BH6 kI hRETER

Fig.6 Schematic diagram of nozzle working principle
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Fig.7 Schematic diagram of numerical
interpolation in spraying field
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Table 1 Pressure - flow relationship table

7

AR Operating 4, 150 200 250 300
Pressure/kPa

0.825 1.003 1.125 1.212 1.312

Nral=N 3 -1
il (m™h™) 0827 1022 1165 1236 1344

Flow rate
0.847 1.041 1.134 1.234 1.347
T 0.833 1.022 1.141 1.228 1.335
Average data
q 0.585 0.586 0.566 0.545 0.541
o 0.012 0.019 0.02 0.014 0.019
CVI% 1.465 1.872 1.821 1.103 1.47

2.3 KEIRERIBELIE

B9 SNASE AR ST /K B 04 {8 5 AR AL AR
Bl IWE 9 RTLLE H, HHIF TAEE IR, WiskE 1.3 m
RN, KIREERE R R, HeRmEtmE
1.5 m BF, KEEEEHRRE, T/EEII8 100
kPa, Ze3EmiEhy 1.1, 1.3, 1.5 m I [ 7K B e {f o i
FIXTELAr A 8.91 105, 5.3. HIMLAT W, Wik &
7174 100 kPa. N 1.1, 1.3 m 772 AR Ik i s e
IKEWEE, ZIGEY, HBR RN, Eash®
PR Stk 358, WS AR T ol sk A . AH TR 22w
PR, EWR KR Ve A 56 i i 2 T 7 PRI 38 K 2 3L /N (1)
#ath, (H2Y4)E Sy k3] 150 kPa 2 J5, /MR RCR I
AR . X2 TREE R, Bk R,
LA TFARTRAN T 7K RBRAE 1] 36 s P R 7K % 5 P2 Ok
NIRRT A 1.5 m, AR /143 B4 100,
150, 200. 250. 300 kPa I, /K &g {E 58 % 737l
5.3. 5.1, 49. 4.7. 49 mm/h, FpiEZE (STD) K
0.23 mm/h, 5B 0L R /K B B BR B /D,
IKEIE(EEET 5 mm/h B, & T ah ik Rk TmiE.
IR N 1.1, 1.3 m i, KEEEREZES T
EREJIRAEL R R, AR MATLAB 8fF, #
SEARLR M AR, (B K R R S T AR
JIHI AL R ECH -

p=0.185P>—72P + 1334 (R?=0.96), (8)

p =0.0005P* — 0.029P + 30 (R*=0.97), (9
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Sprinkler irrigation intensity
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Fig. 8 Variation of sprinkler strength under

different working pressure
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_ The installation height is 1.1 m
The installation height is 1.3 m
3 The installation height is 1.5 m

100 150 200 250 300
w5t 3k T 4% i /7 Nozzle operating pressure/kPa

B9 RRAZEHETRERAZELNR

Fig. 9 Changes in peak water intensity at

different installation heights
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MF 2 AT LLE H, WSk 7E 1.1 m 222 7 . 100 kPa
TAEIESIT CV &K, 155 84%ui BIFE 1% L /K&
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Feo HHG R ), End /KA A W K IFE P
SR, KETEE J. 2R ISR R 3L
[FIFE R R PO B AR T, AR5 R B 7 58, 7
V2 AN, Ve AR TR sKE R
W5 oA LETAER SN 200 kPa, 3w 1.1 m
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Table 2 Coefficient of water variation under

different working conditions

SEEERE Him T.{FJE J1/kPa Operating pressure

Installed height 109 150 200 250 300
11 840 541 430 384 32.0
13 779 654 439 430 425
15 785 553 515 433 402

KI RN REZHEAELAEE
Table 3  Pressure, mounting height-range table

T{EFE J1/kPa Operating pressure

B FE/m
Wetted radius 100 150 200 250 300
912 957 1066 1085  11.38
11m 928 965 10.75 10.9 11.56

9.14 9.86 10.72 11.08 11.49
F¥5{H Averagedata  9.18 9.69 10.71 10.94 11.48
o 009 015 0.04 0.12 0.09

CVI% 0.97 1.53 0.41 1.08 0.81

8.82 10.18 10.44 10.72 10.56

13m 8.99 10.34 10.62 10.75 10.68

8.9 10.3 10.67 10.88 10.82

‘FH#4{H Averagedata 8.91  10.27 10.58 10.78 10.69
o 0.09 0.08 0.12 0.08 0.13

CV/I% 0.98 0.81 1.14 0.78 1.22

779 9.68 10.07 10.29 10.79

15m 781 986 10.11 10.32 10.9

791 972 10.33 10.48 10.86

SF¥{H Average data  7.84 9.75 10.17 10.36 10.85
o 0.07 0.1 0.14 0.1 0.06

CV/% 0.86 0.98 1.36 1 0.51
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Fig. 10 Relationship between operating pressure and
range at installation height of 1.3 m
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SKIEFE RS E T
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K MATLAB X B ek i AT A& R 23, st
3 URE SRR 7 1SR AT 2 DA I BRI, 7R3 T
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300 kPa 1 T/ & 7 T S 2 Sk 1) 2% (B 7K =40 A7
W 11 Fos. B 10 TRUE H, BT REN  E AN
T B A — B, IR T REK R 2 I,
ME 11 FREKET Z X ERE, AR TAE
FEJIF, Wk e s b i 18 ) X3 F EAAMAE T L IV
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TAEE AR, SEImE Sk kb /K Sk 2,
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A1) 7 3
Longitudinal spraying range

o & b b

R s

Transver spraying range

(a) 100 kPa
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Longitudinal spraying range
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Transver spraying range

(b) 150 kPa

AL S
Longitudinal spraying distance
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Transver spraying distance

(c) 200 kPa

79



FEBLHEZK 23] http://www.ggpsxb.com

YL UBE B
Longitudinal spraying distance

T Y B

Transver spraying distance

(d) 250 kPa

o S bhbowvwaso x o

Y1
Longitudinal spraying distance

=)

17 WG B

Transver spraying distance
(e) 300 kPa
A1l 13mZEREERRKREN>H
Fig.11 Water distribution at 1.3m installation height of

single sprinkler head

VPN ALE 1.3 m e L NSk /K & A3 &)
PE, A0 BT AN AR R 3 BEAS W 2 5]
(1) DU fil CU fEMAR L2, @il 12 Fion. HE 12
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w253 79 0.155. 0.093, CU HbritfwZ= it DU
(1) 213, IXULEAXS PR TR JITERERT 2 AN FERR CU
A DU, HKJixf CU WIgZm BoNIH R, X5 3CHR[28]
[PIB Feas e —8. Wik J7#E 100~250 kPa [H], CU
F1 DU WA A TR AR — 5, #BEE WSk TAEE 7110
BRI R, 4 F7it 250 kPa i, DU #k4Lihk
1M CU HIL 1N, X UiEH CU Fl DU 7EAN ]
(1) A s 73 X 8] 9 AN E A2 T B IEAE G OR R, 12
1stop HAF 53 IR AN [E] s 7T B ae £ 147 40 i Ak
H, 192 CU. DU ML/ P BRIk RN:

DU = 55.19 + 122.2P — 0.03CU(R?*=0.96).  (10)

5 90 —e—CU —=—DU
£558
£$58 80
%2 g
ﬁ g = 60
=5%
=E o050

-}

40
100 150 200 250 300
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Fig.12 The values of DU and CU of the nozzle at 1.3m

installation height and under different operating pressures
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Dynamic Simulation and Test of Water Distribution of Fluidic Sprinkler

ZHU Xingye® 2, SHI Yongjie®”, HU Guang?, LIU Junping®
(1. Farmland Irrigation Research Institute, CAAS/Key Laboratory of Water-saving Agriculture of Henan Province, Xinxiang 453002,
China; 2. Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China)

Abstract: [Background] Sprinkling irrigation is an irrigation method that uses special equipment to spray
pressure water into the air to form tiny water droplets, similar to natural precipitation, and evenly fall on the field.
Sprinkler irrigation can control crop water consumption and prevent the radial and infiltration of water loss. The
hydraulic performance of uniformity is an important index to measure the quality of sprinkler irrigation. It is also
an important parameter in the planning and design of sprinkler system. [ Objective 1This paper aims to present the
influence of working pressure, nozzle combination spacing, combination mode and rotation speed on uniformity
coefficient (CU) and distribution uniformity coefficient (DU) of sprinkler nozzle and multi-nozzle combination. In
the actual sprinkler irrigation operation, surface runoff caused by excessive water peaks should be avoided.
[ Method] The dynamic simulation code of the distribution of sprinkler water in the combination of single
sprinkler head and multiple sprinkler heads under different working conditions was used to test the hydraulic
performance of jet sprinkler heads. The influence of different working pressure and installation height on sprinkler
irrigation intensity and water distribution was studied. The regression relationship between peak water intensity
and working pressure is established. The spatial water distribution of a single sprinkler under square and triangle
combined sprinkler irrigation is simulated. [Result] Under the pressure of 100~300 kPa at the installation height
of 1.5 m, the peak water volume was concentrated around 5 mm/h, and the standard deviation (STD) was 0.23.
The nozzle works under the pressure of 100 kPa, and the peak intensity of water volume at theinstallation height
of 1.1 mand 1.3 m can be as high as 8.9 m and 10.5 mm/h, respectively. DU and CU standard deviations of single
sprinkler irrigation under different working pressures were 15.5% and 9.3%, respectively, and DU was more
sensitive to pressure changes. [ Conclusion] The frictional force of the rotating contact parts of the jet sprinkler in
the quadrants I and IV is relatively large, which has caused the concentration of the sprinkler irrigation water
distribution in this area. Under different working pressures, the uniformity coefficient CU of a single sprinkler
distribution changes more significantly than the uniformity coefficient DU of sprinkler irrigation, and DU and CU
have a negative correlation. Sprinkler intensity and peak water volume are related to the installation height and
working pressure of the sprinkler. As the installation height increases and the working pressure increases, the more
water droplets are broken in the air, the more evenly the sprinkler intensity is distributed in the radial direction. In
the actual sprinkler irrigation project, the spacing between square combined sprinkler irrigation should be less than
8 m, and the spacing between triangular combined sprinkler should be arranged around 8 m. At a certain distance
from the spraying end of the sprinkler, the intensity of the sprinkler irrigation drops sharply, which is conducive to
improve the uniformity of the water distribution of the sprinkler combination spraying and irrigation. In this case,
the sprinkler irrigation uniformity is the highest, and the coverage of a single sprinkler irrigation device is the
widest, the cost being the lowest.
Key words: fluidic sprinkler; meshing; rotation deviation; dynamic simulation; hydraulic performance
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